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Webinar Outline

Motivation and History

Development of the New Gridded NSRDB
— Physical Solar Model (PSM) Framework

New NSRDB Website and How to Access Data
Data Availability
Future Plans




Motivation

Support DOE SunShot goal of reducing the costs of solar deployment and financing through providing
high-quality publicly available solar resource information

| |
Policy Decisions
Site / Technology Selection

Concept

Investor Commitment
Project Approvals

Feasibility

Engineering Design
System Integration

System Tests
Operation & Maintenance | ||
Energy System Integration

Due Diligence
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National Solar Radiation Database: History

http://nsrdb.nrel.gov IS,
Evolution of Public Solar Data (1)
248 stations
with 26
1952-1975 SOLMET!  [ERDA, NOAA, 1979] Weasurement
1977-80
1961-1990 NSRDB? [DOE, NOAA, 1994]
_ 113 (2)
1991-2005 NSRDB-II [DOE, NOAA, 2007] 539 Modeled
Stations with
1998-2014 NSRDB [DOE, NOAA, UW, SCS 2015] mjfsﬂfgf;a;m
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'm‘—ns 1991-2005

MNATIONAL RENEWABLE ENERGY LABORATORY


http://nsrdb.nrel.gov

How Do Satellites Model Surface Radiation?

 Empirical Approach (Traditional Approach):

— Build model relating satellite measurements and ground
observations (cloud index and clearness index)

— Use those models to obtain solar radiation at the surface
from satellite measurements

* Physical Approach: (New Approach)
— Retrieve cloud and aerosol information from satellites

— Use the information in a radiative transfer model
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Physical Approach to Satellite Modeling

Satellite-Based
Cloud Retrieval

Radiative

_ Transfer Models
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Physical Solar Model (PSM) Framework

GOES Satellite- Aerosols and ) Satellite
Solar Resource using Fast Data
Based Cloud Water Vapor From .. Data . ..
. Radiative Transfer Models B Dissemination
Products Ancillary Sources Validation

Satellite Input Cloud Products
GOES data— Cloud mask
4 channels: —‘ Retrieval System Cloud type
4 km-30 min .
PATMOS-x: Cloud Cloud height/temperature/
Ancillary Input — algo rithms pressure
NWP Forecast or Cloud optical depth
SReanalysus Radiative Transfer ’_ Cloud particle size
now - Cloud water path
Surface emissivity

Surface reflectance — Clear Sky: REST2
Cloudy sky: NREL
FARMS model and
RT Model Input - DISC model Irradiance Products

Global horizontal irradiance (GHI)
Direct normal irradiance (DNI)
Diffuse horizontal irradiance (DHI)

Aerosol product
from MODIS/MISR
satellite and
AERONET ground
measurements
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- PSM: Ancillary/Met Data

GOES Satellite- Aerosols and ) Satellite
Solar Resource using Fast Data
Based Cloud Water Vapor From .. Data . ..
. Radiative Transfer Models B Dissemination
Products Ancillary Sources Validation

Satellite Input Cloud Products

GOES data— Cloud mask
4 channels: —‘ Retrieval System Cloud type
A lkm—230 min
PATMOS-x: Cloud Cloud height/temperature/

algorithms pressure
Cloud optical depth

Radiative Transfer ’_ Cloud particle size
Cloud water path

Clear sky: REST2
Cloudy sky: NREL '
FARMS model and
ey BIEE el Irradiance Products

Global horizontal irradiance (GHI)
Direct normal irradiance (DNI)
Diffuse horizontal irradiance (DHI)

Ancillary Input

NWP Forecast or
Reanalysis

Snow

Surface emissivity
Surface reflectance

RT Model Input

Aerosol product
from MODIS/MISR
satellite and
AERONET ground
measurements
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\ Met Data for PSM

e Accurate meteorological dataset for use in the NSRDB
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Comparison between ISD and MERRA, CFSR, and NARR dataset for 9
stations

(A) Dew Point, (B) Precipitable Water, (C) Atmospheric Pressure, and (D)
Wind Speed comparison
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\ PSM: Cloud Products

GOES Satellite- Aerosols and ) Satellite
Solar Resource using Fast Data
Based Cloud Water Vapor From .. Data . ..
. Radiative Transfer Models B Dissemination
Products Ancillary Sources Validation

Satellite Input Cloud Products
GOES data— Cloud mask
4 channels: Retrieval System Cloud type
4 km-30 min .
PATMOS-x: Cloud Cloud height/temperature/
Ancillary Input

pressure
Cloud optical depth

algorithms

NWP Forecast or

Reanalysis el T Cloud particle size
:nofw o Cloud water path
urface emissivity :
Surface reflectance — ClEET Sky' REST2
Cloudy sky: NREL
FARMS model and
RT Model Input — DISC model Irradiance Products

Aerosol product
from MODIS/MISR
satellite and
AERONET ground
measurements

Global horizontal irradiance (GHI)
Direct normal irradiance (DNI)
Diffuse horizontal irradiance (DHI)
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\ Cloud Products for PSM

= |n collaboration with the
University of Wisconsin, NREL
developed an improved version
of the PATMOS-x processing
system, which was used to
process GOES-WEST and -EAST
data for years 1998-2014

= Cloud properties:

e Cloud mask

e Cloud type
* Cloud height/temperature/
pressure

* Cloud optical depth
e Cloud particle size
e Cloud water path

0 LN = &a 1.0 0.7 1.7
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\ PSM: Aerosols

GOES Satellite- Aerosols and ) Satellite
Solar Resource using Fast Data
Based Cloud Water Vapor From .. Data . ..
. Radiative Transfer Models B Dissemination
Products Ancillary Sources Validation

Satellite Input Cloud Products
GOES data— Cloud mask
4 channels: —‘ Retrieval System Cloud type
4 km—-30 min .
PATMOS-x: Cloud Cloud height/temperature/
Ancillary Input — a Igo rithms pressure
NWP Forecast or Cloud optical depth
Eeanalysm Radiative Transfer ’_ Cloud particle size
now - Cloud water path
Surface emissivity

Surface reflectance — ((::Ilsj(rjljl?ll(yRES;EzL ﬁ
FARMS model and

RT Model Input

DISC model Irradiance Products

Aerosol product
from MODIS/MISR
satellite and
AERONET ground
measurements

Global horizontal irradiance (GHI)
Direct normal irradiance (DNI)
Diffuse horizontal irradiance (DHI)

MATIOMAL RENEWABLE ENERGY LABORATORY



\ Aerosols for PSM

Developed accurate gridded aerosol product using multiple data sources

Developed monthly 0.52 aerosol optical

depth (AOD) for 1998-2014 using

satellite and ground-based
measurements

Monthly results interpolated to form

daily 4-km AOD data

Daily data calibrated using ground

measurements to develop accurate

AOD product

DMI (Sateilite, W/m?)
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\ PSM: Radiative Transfer Models

S

GOES Satellite- Aerosols and )T AT A Satellite Data
B Wat(.er Vapor From Radiative Transfer Models I:')ata. Dissemination
Products Ancillary Sources Validation
Satellite Input Cloud Products
GOES data— —‘ _ Cloud mask
4 cha_nnels:. Retrieval System Cloud type
4 km—-30 min .
PATMOS-x: Cloud Cloud height/temperature/
Ancillary Input — a Igorithms pressure

NWP Forecast or
Reanalysis

Snow

Surface emissivity
Surface reflectance

RT Model Input

Aerosol product
from MODIS/MISR
satellite and
AERONET ground

measurements

Radiative Transfer

Clear sky: REST2
Cloudy sky: NREL
FARMS model and
DISC model

Cloud optical depth
Cloud particle size
Cloud water path

Irradiance Products

( Global horizontal irradiance (GHI)
Direct normal irradiance (DNI)
Diffuse horizontal irradiance (DHI)
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Clear Sky Radiative Transfer Model for PSM

REST2 Clear Sky Model Output with Better AOD Input
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SASRAB model initially tested but provided biased
results

3 next-generation models (Bird, MMAC, and REST2
models) tested with high-quality aerosol data

All models provided significantly accurate results
REST2 provides the most accurate results and was
implemented in the PSM framework
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All-Sky Radiative Transfer Model for PSM

* Fast All-Sky Radiation Model for Solar applications (FARMS)

= Developed new radiative transfer model for
use in satellite and forecasting applications

= 2-stream approximation (industry standard)
and FARMS have similar performance

= FARMS is 1,000 times more efficient in the
computation of solar radiation
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Validation of the PSM

e Evaluation of the new NSRDB dataset was carried out using high-quality
SURFRAD ground stations
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— The area covers 25° W to 175° W and 20° Sto 60° N
— Includes half-hourly satellite modeled solar data for years 1998-2014 on 4-km grid

— Time-series solar data for a location can be combined with hourly met data for PV and
CSP simulation
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NSRDB Product Variables

Element Unit Description
- Modeled solar radiation on a horizontal surface received from the sky excluding the solar disk.
- This is assuming clear sky condition
Clearsky DHI Watt per square meter
- Modeled solar radiation obtained from the direction of the sun.
- This is assuming clear sky condition
Clearsky DNI Watt per square meter
- Modeled solar radiation on a horizontal surface received from the sky.
- This is assuming clear sky condition
Clearsky GHI Watt per square meter
Cloud Type Unitless Obtained from PATMOS-X
Dew Point Degree C Calculated from specific humidity
Modeled solar radiation on a horizontal surface received from the sky excluding the solar disk.
DHI Watt per square meter
Modeled solar radiation obtained from the direction of the sun.
DNI Watt per square meter
Modeled solar radiation on a horizontal surface received from the sky.
GHI Watt per square meter
'N/A'": 0, 'Missing Image": 1, 'Low Irradiance': 2, 'Exceeds Clearsky': 3, 'Missing Cloud Properties': 4,
'Rayleigh Violation': 5
Fill Flag Unitless
Snow Depth meters Source: MERRA
. Angle between the sun and the zenith
Solar Zenith Angle Degrees
Temperature Degree C Source: MERRA
Pressure Millibar Source: MERRA
. o Calculated from specific humidity
Relative Humidity Percent
- . Source: MERRA
Precipitable Water Millimeter
Wind Direction Degrees Source: MERRA
Wind Speed meter per second Source: MERRA
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TMY

GrlddEd TMY - Developed using the gridded NSRDB (1998-2014)

Step 1

5 candidate
months with
cumulative
distribution
functions
(CDFs) for the
daily indices
that are closest
to the long-
term (30 years
for the NSRDB)
CDFs are
selected.

Step 2

The 5 candidate
months are
ranked with

respect to
closeness of
the month to
the long-term
mean and
median.

Step 3

The persistence
of mean dry
bulb
temperature
and daily global
horizontal
radiation are
evaluated by
determining
the frequency
and run length
above and
below fixed
long-term
percentiles.

Step 4

The 12 selected
months are
concatenated
to make a
complete year.

TMY data sets provide industry standard resource information for:

* Building design and performance

* Solar heating and cooling systems
* Photovoltaic and concentrating solar power system performance
* Energy systems analysis

N
OgEgEEEEY
B L L R R e
nolsGincin

[4
\v
T T —
A o LA LA R R
=1 Daﬂu

KW¥her Dy

B fa LELA

Dl
Ll fa BanLm
nEinoiss

Bgggggge

!.-lb-ﬂ

&

Example figures representing DNI and
GHI datasets for TMY developed using
meteorological and irradiance weighting
factors.
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TMY Product Variables

Element Unit or Description
Year 1998-2014

Month 1-12

Day 1-28,1-30 or 1-31

Hour 1-23

Minute 0

Dew Point Degree C

DHI Watt per square meter
DNI Watt per square meter
GHI Watt per square meter
Temperature Degree C

Pressure Millibar

Wind Direction Degrees

Wind Speed meter per second
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NSRDB Website & Data Access
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New NSRDB Website

=3
S N R E L National Solar Radiation Database (NSRDB) a

About Data Sets Resources Contact

http://nsrdb.nrel.gov
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http://nsrdb.nrel.gov

New NSRDB Website

\
Learn about the current and
historic datasets, TMY,
history, and more

J

=3
| ]
|

L National Solar Radiation Database (NSRDB) Q

Home About Data Sets Resources Contact

http://nsrdb.nrel.gov
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http://nsrdb.nrel.gov

New NSRDB Website

7 )

Access the data

=3
S N R E National Solar Radiation Database (NSRDB) a

Home About Data Sets Resources Contact

http://nsrdb.nrel.gov
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http://nsrdb.nrel.gov

New NSRDB Website

7

\.

Users manuals, helpful
links, publications, and
a user forum

N N R E L onal Solar Radiation Database (NSRDB)

About Data Sets Resources Contact

http://nsrdb.nrel.gov
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http://nsrdb.nrel.gov

New NSRDB Website

7

Still have questions?
Contact us.

About Data Sets Resources
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Solar Radiation Database (NSRDB)

Contact

http://nsrdb.nrel.gov



http://nsrdb.nrel.gov

New NSRDB Viewer

Select and Query Data IINRE NSRDB Data Viewer
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Browse Data Layers

Select and Query Data iINREL NSRDB Data Viewer
Data Layers aoeng Quen '
Use the layer tree
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data layers
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Browse Data Layers

Select and Query Data iINREL NSRDB Data Viewer
Data Layers Legend ]
- Use the layer tree
Environmental
Infrastructure

to find and display
data layers

Land Ownership 8

Power Plants
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Browse Data Layers

Select and Query Data “_:INRE NSRDB Data Viewer
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Browse Data Layers

[EEPO  ovicdam  DINREL NSRDB Data Viewer
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Browse Data Layers

[EEPO  ovicdam  DINREL NSRDB Data Viewer
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Browse Data Layers

[

I Select and Query Data INREL NSRDB Data Viewer
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Browse Data Layers

Select and Query Data

i [
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Browse Data Layers

I Select and Query Data INREL NSRDB Data Viewer

Use the Legend
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Browse Data Layers

NSRDB Data Viewer

Change the order
of each layer

Transparency
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Browse Data Layers

I Select and Query Data ; NSRDB Data Viewer
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Browse Data Layers

I Select and Query Data NSRDB Data Viewer
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Browse Data Layers

I Select and Query Data SEINREL NSRDB Data Viewer
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Browse Data Layers

I Select and Query Data SEINREL NSRDB Data Viewer
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Query Data Layers

I Select and Query Data SEINREL NSRDB Data Viewer
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Query Data Layers

Point Query
Select a single point on the map and get
data for that location.

Region Query
Select an area on the map and get data for
that area.

Custom Shape Query
Draw a custom shape on the map and view
data for that area,

Attribute Query
Use this advanced feature to filter your
guery based on specific attributes.
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Query Data Layers

Point Query
Select a single point on the map and get
data for that location.

Region Query i
Select an area on the map and get data for
that area.

Custom Shape Query 4
Draw a custom shape on the map and view
data for that area,

Attribute Query Q
Use this advanced feature to filter your
guery based on specific attributes.
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Query Data Layers

AT, P AR

I Select and Query Data INR‘ELI: NSRDB Data Viewer

...custom drawn
shape...

Point Query - oo
Select a single point on the map and get [ ]

data for that location.

Region Query i
Select an area on the map and get data for
that area.

Custom Shape Query 4
Draw a custom shape on the map and view
data for that area,

Attribute Query Q
lUse this advanced feature to filter your
guery based on specific attributes.
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Query Data Layers

Point Query
Select a single point on the map and get
data for that location.

Region Query
Select an area on the map and get data for
that area.

Custom Shape Query

Draw a custom shape on the map and view
data for that area,

Attribute Query

lUse this advanced feature to filter your
guery based on specific attributes.
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NSRDB Data Viewer
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Layer Metadata

Select and Query Data
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Layer Metadata

Select and Query Data

IZNREL NSRDB Data Viewer

> Environmental ;‘s S e g, w View metadata for [
i Infrastructure - etk e o o A0S % i
» Land Ownership b e k‘i .lr'.. . i S eaCh |ayer .
- Power Plants } . 9 9 Py : "w
» Ground Measurement Sites
4 NSRDB
] Mrst Average Annual DNI Grid
| MTS2
| MTS3 0o
f| PSM Direct Normal Irmadiance & © | This data provides monthly average and
[ | PSM Global Horizontal Irradiance annual average daily total solar resource
 Solar Study Areas averaged over surface cells of 0.038 degrees
- State/Local Borders in both latitude and longitude, or nominally

4 km in size. The solar radiation values
represent the resource available to solar
energy systems, The data was created using
cloud properties which are generated using
the AVHRR Pathfinder Atmospheres-
Extended (PATMOS-x) algorithms. Fast all-

wd

il ey : Report a map errar
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Layer Downloads

Select and Query Data
Data Layers Legend Query | ve Base Map ~ |
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i~ Land Ownership " o’
i Power Plants er
- Ground Measurement Sites 11 smn
4 NSRDB Su ST
] mrst f. JNew York
| MTS2

i PSM Direct Normal Irradiance
[[] PSM Global Horizontal Irradiance
 Solar Study Areas
[~ State/Local Borders

N -'-_ : 2 £ r ".. Df:wi.l:'}.i{i“ﬂn
aﬁ . : 5 1,-"I:;,_._ ":W'of

:P_11.jt_ps:!n’,fr_'(l_a_ps._rm_el.g_mr:.f_n_srdp—uigu_v_er,f# . Q'e il i o : Repart & map errar

MNATIONAL RENEWABLE ENERGY LABORATORY



Layer Downloads

Select and Query Data

IZNREL NSRDB Data Viewer

i Environmental

i Infrastructure

» Land Ownership

i Power Plants

i Ground Measurement Sites
4 NSRDB

[] MTs1
[L] mMTs2
W s )
i PSM Direct Normal Irradiance (147

Download map layer data in the following
[ | PSM Global Horizontal Irradiance

i Solar Study Areas
- State/Local Borders

geospatial data formats:

sy Shapefile
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NSRDB Data Download

Select and Query Data

[~ Environmental

i+ Infrastructure

¢ Land Ownership

i~ Power Plants

i Ground Measurement Sites
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Download from
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NSRDB Data Download

Select and Query Data Download Data

IZNREL NSRDB Data Viewer

Download Solar Resource Data . il

Il-ﬂ 5
By Point T
Select a location on the map by clicking once. You - - e ® @ * s ® .
: ; ; L ]
will then be presented with a variety of download . f ® * - e * o
choices. L]

.
Download Solar Resource Data m {4
By Region e
Use the drawing tool to draw a rectangle around i ]

the desired region. You will then be presented with
a variety of download choices.
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~ N
Download from
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NSRDB database sl A
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Go gle "‘E:&'l“ il e Repart & mag efrar

MATIOMAL RENEWABLE ENERGY LABORATORY




NSRDB Data Download

Select and Query Data Download Data

IZNREL NSRDB Data Viewer

Download Solar Resource Data .
By Point
Select a location on the map by clicking once

will then be presented with a variety of dow
choices.

Download Solar Resource Data

my
By Region
Use the drawing tool to draw a rectangl H
the desired region. You will then be pr fith

a variety of download choices.

ian M

4 )
Download by point

location
\_ y
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NSRDB Data Download

Data Download Information Form

Please fill cut the following information in order to utilize the data download teol This information helps us 1o justify

Improvements to the toal

Mote: All fields are required.

Full Name: Emnail

Sample User sampleuser@emailoom

Organization/Affiliation: # Please keep me informed of future releases and

. s b TR
Sample Organization publications related to the NSRDB Data Viewer,

Planned Use:

Webinar

Enter information
(required for
downloads)
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NSRDB Data Download

Select and Query Data [V T 10

Download Solar Resource Data .
By Point

Select a focation on the map tl':.' EIICH-’Ig once. Yau
will then be FITEEE‘I"TEIJ WITN 3 variety of download
chaloas.,

Download Solar Resource Data "
By Region

Use the drawing tool to draw a rectangle around
the desired region. You will then be presented with
a vartety of download choices.

Select a point - s
location .
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NSRDB Data Download

2003

2013

Attributes =

i nlonum reTJ-red attributes for the SAM v and C5P models have been selected by default.
+ DN GHI
Clear Sy DI Clear Sky GHI
Dew Point Temparature
Retathve Humédity Solar Zenith Angle
L Pracipitable Water Snow Depth Wind Direction

Speed Fill Flag

ownload Options

& Leap Day Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Choose years to
download
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NSRDB Data Download

2003

2013

Attributes =

minimum required attributes for the SAM PV and €SP models have been selected by default.
+ DN GHI
Clear Sy DI Clear Sky GHI
# Dew Point Temparature
¥ Retathe Humidity Solar Zenith Angle
L Pracipitable Water Snow Depth Wind Direction

Speed Fill Flag

ownload Options

& Leap Day Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Choose years to
download
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NSRDB Data Download

2003

2013

Setec bt =m

The minlmum required attributes for the SAM Pv and C5P models have been selected by default

¥ DHI + DN GHI
Chear Sky DHI Clear Sy DI Clear Sky GHI
Clouwd Type Dew Point Temperature
Pressure Retathve Humédity Solar Zenith Angle
Total Precipitable Water Snow Depth Wind Direction

Wind Speed Fill Flag

Select Downloag

Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Select attributes to
download
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NSRDB Data Download

uired attributes for the SAM PV and C5P models have been selected by default.
+ DN GHI
Clear Sy DI Clear Sky GHI
Dew Point # Temparature

Retathve Humédity Solar Zenith Angle

able Water Snow Depth wind Direction

Fill Flag

oad Options

ap Day Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Select all
attributes and/or
years
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NSRDB Data Download

P5M MTS3 MT52 MT51
Setect veurs =
o 1998 1% W 2000 W 2001 & 2003 2004 & 2005 + 2006 2007

v ; o 2010 + 2011 W 2013 W 2014

 sctect ALl Clear Al

uired attributes for the SAM PV and C5P models have been selected by default.
+ DN GHI
Clear Sy DI Clear Sky GHI
Dew Point # Temparature

Retathve Humédity Solar Zenith Angle

able Water Snow Depth wind Direction

Fill Flag

oad Options

ap Day Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Select all
attributes and/or
years
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NSRDB Data Download

P5M MT53 MT52 MT51

Setectvears (20T (2T

¥ 15958 o 1999 2000 W 2001 W 2002 W 2003 ¥ 2004 ¥ 2005 ¥ 2008 o 2007

¥ I00E # 2009 2010 + 2011 w2011 W 2013 W 2014

Select Attributes  [{ =m

The minlmum req attributes for the SAM PV and C5P models have been selected by default.
+ DN GHI
Clear Sy DI Clear Sky GHI
Dew Point Temparature
Retathve Humédity Solar Zenith Angle
Snow Depth Wind Direction

Fill Flag

Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Clear all attributes
and/or years
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NSRDB Data Download

Select Attributes

The minlmum req attributes for the SAM PV and C5P models have been selected by default.
+ DN GHI
Clear Sy DI Clear Sky GHI
Dew Point # Temparature
Retathve Humédity Solar Zenith Angle
Snow Depth Wind Direction

Fill Flag

Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Clear all attributes
and/or years
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NSRDB Data Download

2003

2013

SetectAtrivunes ([CSTT) (TR

The minlmum required attributes for the SAM Pv and C5P models have been selected by default

¥ DHI + DN GHI
Chear Sky DHI Clear Sy DI Clear Sky GHI
Clouwd Type Dew Point Temperature
Pressure Retathve Humédity Solar Zenith Angle
Total Precipitable Water Snow Depth Wind Direction

Wind Speed Fill Flag

Select Download Options

Include Leap Day Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Include leap day
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NSRDB Data Download

2003

2013

Setec bt =m

The minlmum required attributes for the SAM Pv and C5P models have been selected by default

¥ DHI + DN GHI
Chear Sky DHI Clear Sy DI Clear Sky GHI
Clouwd Type Dew Point Temperature
Pressure Retathve Humédity Solar Zenith Angle
Total Precipitable Water Snow Depth Wind Direction

Wind Speed Fill Flag

Select Download Options

Include Leap Day Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Convert data from
UTC to Local Time
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NSRDB Data Download

2003

2013

SetectAtrivunes ([CSTT) (TR

The minlmum required attributes for the SAM Pv and C5P models have been selected by default

¥ DHI + DN GHI
Chear Sky DHI Clear Sy DI Clear Sky GHI
Clouwd Type Dew Point Temperature
Pressure Retathve Humédity Solar Zenith Angle
Total Precipitable Water Snow Depth Wind Direction

Wind Speed Fill Flag

Select Download Options

Include Leap Day Canwert UTE to Locai Time ¥ Half Hour Intervais

Uncheck to
download hourly
data
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NSRDB Data Download

2003

2013

pe— =m

pinlmnum required atbributes for the SAM PV and C5P models have been selected by default.

+ DN GHI

r Sky DHI Clear Sy DI Clear Sky GHI

L Type Dew Point Temperature

SUrE Retathve Humédity Solar Zenith Angle
| Pracipitable Water Snow Depth Wind Direction

Speed Fill Flag

ownload Options

e Leap Day Canwert UTE to Locai Time ¥ Half Hour Intervais

Download Limit Indicator

Select from PSM...
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NSRDB Data Download

MT53 MT52 MT51

1992 1953 1994 1557 1558 1959

1003 2004 5 2007 2008 200%

ributes =

um required attributes for the SAM PV and C5P models have been selected by default.

« DN GHI
Enit < Temperature ¥ Pressure

Humidity ETR ETRM

fable water Broadband 400 ¥ ‘Wind Speed

l-ml.nad Options

Source Include Uncertainty Includa Leap Day

UTE to Local Time

Dowenload Limit Indicator
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NSRDB Data Download

MT51

1994 1557 1558

2004

jetect All ll Clear i |

ed attributes for the SAM PV and CSP models have been selected by default.
+ DN GHI

< Temperature ¥ Pressure

ETH ETRN

Broadband 400 ¥ ‘Wind Speed

Options
Include UI'IEE‘ITE-I‘IT;.' Inciude Leap Ba:.-

to Local Time

Dowenload Limit Indicator
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NSRDB Data Download

attributes for the SAM PV and C5F models have been selectad by default.

+ DM
ETHHN
Dew Point
Relative Humidity
Visibility

Broadband ADD

GHI

Total Sky Cowver
Temparature
wind Ddrectlon

Ceiling Helght

Include Uncertainty

Include Leap Day

Download Limit Indicator

...or MTS1 datasets
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NSRDB Data Download

P5M MT53 M52 MT51

Setect vears [T (2T

1551 1992 1953 1994 1557 1558

01 2002 1003 2004

Setec bt =m

The minlmum required attributes for the SAM Py SP mzdels have been selected by default
+ DHI GHI
W Dew Point # Pressure

¥ Relative Humidity ETE ETRM

Precipitable water Broadband 400 ¥ ‘Wind Speed

Select Download Optig
Enclude Source Include UI'IEE‘ITE-I‘IT;.' Inciude Leap Ba:.-

Canvert UT

Dowenload Limit Indicator

TMY datasets
available for PSM,
MTS1, & MTS2
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NSRDB Data Download

P5M MT53 MT52 MT51

Setect vears (XY (2T

¥ 15958 e 1999 W 2000 2001

I00E 2009 1010 2011 012

Download Generation In Progress
Select Attributes [

The minlmum requere

# DM Data Download Instructions

Chear Sky DHI
Chisd Type You will recelve an emall at sample.user@email.gov with a link to download

your data. Please nofe that generating download archives can Lake anmpwhere
¥ Pressure
from a few minutes to several hours.
Total Pracipitable W

W Wind Speed K

Select Download Opt

Include Leap Day Canwert UTE to Locai Time ¥ Half Hour Intervals

Dowriload Data Download Limit Indicator

by

Click Download
Data button when
ready
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NSRDB Data Download

P5M MT53 MT52 MT51

Setect vears (XY (2T

¥ 15958 e 1999 W 2000 2001

I00E 2009 1010 2011 012

Download Generation In Progress
Select Attributes [

The minlmum requere

# DM Data Download Instructions

Chear Sky DHI
Chisd Type You will recelve an emall at sample.user@email.gov with a link to download

your data. Please nofe that generating download archives can Lake anmpwhere
¥ Pressure
from a few minutes to several hours.
Total Pracipitable W

W Wind Speed K

Select Download Opt /

Include Leap Day anwert UTC to Locai Time ¥ Half Hour Intervals

Download Limit Indicator

Instructions for
obtaining download
will be emailed
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NSRDB Data Download

Select and Query Data [V T 10

Download Solar Resource Data ; ul o 5

By Point a | RA+] -]
Select a kocation on the map by clicking ance. Yau o r_& b b i

will then be FleiET‘TEIj WITN 3 variety of download ‘1{ 'y

chaloas., .

Download Solar Resource Data "
By Region

Use the drawing tool to draw a rectangle around
the desired region. You will then be presented wit
a vartety of download choices.

Download data by ? x3 “4
region | -
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NSRDB Data Download
T i

Download Solar Resource Data . Eﬂ
By Point - El
Select a focation on the map by clicking once. Yau F _

will then be presentad with a variety of download Matis i

chalces. . -

Download Solar Resource Data "

By Region iualey 4
Use the |:Ira'm.'|g ool ta draw a TEG.EI'IE!E around " - __.r'
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NSRDB Data Download
sty [

Download Solar Resource Data . Eﬂ
By Point - El
Select a focation on the map by clicking once. Yau F L

will then be presentad with a variety of download hpria .

chalces. . -

Download Solar Resource Data "
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NSRDB Data Download

P5M MT53 MT52 MT51

Setect vears (XY (2T

1958 1939 2000 2001 2003 2004

1008 2009 010 2011 1 W 2013 + 2014

Setec bt =m

5 for the SAM v and C5P models have been selected by default.

Observe download o on

Clear Sky OMI Clear Sky GHI

Iimit indicator to Dew Polnt # Temparature

Retathve Humédity Solar Zenith Angle

ensu re Valid download Snow Depth wind Direction

Fill Flag

(this is per session)

Include Leap Day » Locat Tim ¥ Half Hour Intervais

S~
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NSRDB Data Download

-
Wait for email with

download instructions
\_

~

J

Your data is ready! Please click the Ink below to download your file. This
Llink will remain valid for 24 hours.

https://maps.nrel.qov/api/developer pro
site url=solar/nsrdb file download&filename=bfelc9cla®9586a827001dbba343%bcad.zi

Thank you for using The NSRDB Data Viewer at
https://maps.nrel.gov/nsrdb-viewer
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NSRDB Data Download

" For relatively small A

downloads, a direct link
to the zip file will be
included in the email )

Your data is ready! Please click the lnk below to downloaa . This
Llink will remain valid for 24 hours.

https: aps.nrel.gov/api/develo ro
site url=solar/nsrdb file download&filename=bfelc9cla9586a827001dbba343%bcad.zi

Thank you for using The NSRDB Data Viewer at
https://maps.nrel.gov/nsrdb-viewer
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NSRDB Data Download

(Larger downloads use the
Globus service. Follow the
instructions in the link to

set up an account.

Your data is ready! The file is named 2015-11-

30_15:42:21/9aa67fe001al32e6aee08396673d
available for 24 hours.

ip. This file will be

For full instructions on completing your downloadyvia Globus Connect,
please view the page at: https.//nsrdb.nrel.gov/nsrdb-viewer

Thank you for using The NSRDB Data Viewer at
https://maps.nrel.gov/nsrdb-viewer

MATIOMAL RENEWABLE ENERGY LABORATORY




NSRDB Data Download

, Follow this link to sign up
Globus Data Download Instructions
e for a Globus account

» Sign up for a Globus account at https://www.globus.org/SignUpThe email verification link will likely open a new browser window
from your inbox and log you into Globus.

STEP 2

« If the verification does not log you in, sign in at https://www.globus.org/.

STEP 3

= Go to "Transfer Files."

Products = Mews = About - Support » GGk Linis Jyshon -

Researg

Groups Support Jleyshon

Transfer Files | Activity | Manage Endpoints | Dashboard

Here or Here depending
on where it logs you in.

STEP 4

= Set up a Globus Connect Personal Endpoint.

NOTE:
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NSRDB Data Download

Globus Data Download Instructions
STEP 1

» Sign up for a Globus account at https://www.globus.org/SignUp. The email verification link will likely open a new browser window
from your inbox and log you into Globus.

STEP 2

= If the verification does not log you in, sign in at https://www.globus.org/.

STEP 3

= Go to "Transfer Files."

Products = ‘Mews - About-  Support - | Gidck Linis

Resea rr“/wr

Once your account has [l
been created, sign in to
your account )

= Set up a Globus Connect Personal Endpoint.

ctivity | Manage Endpoints | Dashboard

.

NOTE:
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NSRDB Data Download

& globus Products -  News- About- Support- Llogln  SignUp

Psearch data
e @ management

s

! ! simplified.

Once your acco.unt. has |m H E% MB_
been created, sign in to '
your account urce Providers Our Users

Focus on your research, not [T Globus gives you more control over Researchers and resource providers are
problems. We make it easy to move, your data infrastructure, while providing our greatest inspiration and we lave it
manage, and share big data. excellent ease-of-use for your when they say nice things about
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NSRDB Data Download

& g IQ bU S Publish Groups Support jduckwor

Transfer Files | Activity ¥ Manage Endpoints | Dashboard | Console

Transfer Files Get Globus Connect Personal

Turn your computer into an endpoint.

Endpoint | enter endpoint name as Endpeoint | enter endpoint name o | GO

Path Path Go

L

Navigate to the “Transfer
Files” tab

Please select an endpoint above.
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NSRDB Data Download

& g IQ bU S Publish Groups Support jduckwor

Transfer Files | Activity ¥ Manage Endpoints | Dashboard | Console

Tra nSfe r F| les Get Globus Connect Personal
Turn your computer into an endpoint.
Endpoint | enter endpoint name « || G0
Path Go
L3
4 : .
CI |C k t h e | | n k a n d f0| |OW Please select an endpoint above.

instructions to install
L Globus Connect Personal )
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NSRDB Data Download

& globus Manage [

Transfer Files

Enter a name for your
personal endpoint

Create Globus Connect Personal Endpoint

End Go

Step1 Get Your Globus Connect Personal Setu

Please enter a unique name for your Globus Connect Pers,

Go
point to help you identify it

Endpoint Name jduckwor#

Generate Setup Key

Step 2 Download & Install Globus Connect Personal

Click one of the buttons below to download and install Globus Connect Personal for your operating system.

i for Mac OSX 5 for Linux =. for Windows

Once downloaded, run the installer. When prompted, paste in the Setup Key to complete the installation.
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NSRDB Data Download

& globus Manage [

Transfer Files

Enter a name for your
personal endpoint

Create Globus Connect Personal Endpoint

End Go

Step1 Get Your Globus Connect Personal Setu

Please enter a unique name for your Globus Connect Pers,

Go
point to help you identify it

Endpoint Name jduckwor# nsrdb demo

Generate Setup Key k

Step 2 Download & Install Globus Connect Personal

Click one of the buttons below to download and install Globus Connect Personal for your operating system.

i for Mac OSX 5 for Linux =. for Windows

Once downloaded, run the installer. When prompted, paste in the Setup Key to complete the installation.
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NSRDB Data Download

& globus Manage [

Transfer Files

Then generate and copy
the setup key

Create Globus Connect Personal Endpoint

End Go

Step1 Get Your Globus Connect Personal Setup

Please enter a unique name for your Globus Connect Perso

Go
t to help you identify it

Endpoint Name jduckwor# nsrdb demo

Generate Setup Key k

Step 2 Download & Install Globus Connect Personal

Click one of the buttons below to download and install Globus Connect Personal for your operating system.

i for Mac OSX 5 for Linux =. for Windows

Once downloaded, run the installer. When prompted, paste in the Setup Key to complete the installation.
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NSRDB Data Download

Download the application for
your operating system and
follow the installation
instructions, entering the
setup key when prompted Y

Transfer Files

Create Globus Connect Personal Endpoint

End
Step1 Get Your Globus Connect Persd

Please enter a unique name for your Globus Connect § o help you identify it.

Endpoint Name jduckwor# nsrdb demo

Step 2 Download & Install Globus Cog

Click one of the buttons below to download and install Globus Connect Personal for your operating system.

i for Mac OSX 5 for Linux =. for Windows

Once downloaded, run the installer. When prompted, paste in the Setup Key to complete the installation.
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NSRDB Data Download

With Globus Connect )
Personal set up, search for
i I A= the nrelgds#nrel_nsrdb

Path nrelgds#mesoscale_globus

Transfer Files

S resh list en d p Ol nt )
B Applics nrelgds#wtk_downloads Foider
8 Desktop Foldar
# Documents Folder
B Downloads Folder
i Movies Folder
B Music Foider .
B Pictures Foldar Pleasa select an endpoint above.
B8 Public Foider
B PycharmProjects Folder
B VirtualBox VMs Folder
B WorkRelated Foider
B anaconda Folder
B d3-slider Folder
8 managed_code_personal Folder
B temp Folder
B tempDir Folder
B 2.2.1-typo.patch 300 b
5 edb_postgis 2 1_pgd4.app.zip 29.95 M8
& adb_psglodbe.app.zip 18.44 MB
B poadmin.log 110.62 kB
b more aptions Label This Transfer

This will be displayed in your transfer activity.

ORATORY



NSRDB Data Download

Transfer Files

N
Find the directory specified in

o the email, which will contain
ndpeoint = nrelgds#nrel_nsrdhb)| - || Go

Path

your downloads
select all [none t_ up one folder

B 2015-11-30_15:34:46

Faol
B 2015-11-30_15:42:21 Folder
E testxt

Ob

Please select an endpoint above.

» more options

Label This Transfer

This will be displayed in your transfer activity.
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NSRDB Data Download

\
Transfer Files Find the directory specified in

e = the email, which will contain
Path | (2015-11-30_15:42:21/ G your downloads

selectalljnone L uponefolder o refr )
% Jaab6Tfel01a132e6aee08306673d220e Zip 847.87 A%
9 Desktop Foider
8 Documents Folder
# Downloads Folder
i Movies Foider
i Music Foider
8 Pictures Folder
8 Public Folder
@ PycharmProjects Foider
B virtualBox Vs Folder
B WorkRelated Folder
8 anaconda Folder
i d3-siider Folder
8 managed code personal Foider
s temp Foider
s tempDir Foider
B 22.1-typopatch 300 b
E edb_postgis_2_1_pg84.app.zip 23.25 MB
E edb_psglodbe.app zip 78.44 MB
& pgadmin.log 110.62 kB
¥ mora options Label This Transfer

This will ba displayad in your transfer activity.
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NSRDB Data Download

Tra nSfET F | les Get Globus Connect Personal

Turn your computer into an endpoint.

Endpoint  nrelgds#nrel_nsrdb Go jduckwordwork_endpoint Go

Path = /2015-11-30_15:42:21/ Go i~! Go

selectalljnone L. uponefolder , refresh st L. uponefolder (, refresh fist =
B 93267100121 2206a0e08306673d22be Zip Foider
Foider
8 Documents Folder
B Downloads Folder
i Movies Folder
B Music Foider
@8 Pictures Foider
( 8 Public Folder
@ PycharmProjects Foider
B VirtualBox YMs Foider
8 WerkRelated Folder
Search for your personal o snscor Fotter
8 c3-shider Foider
. 8 managed code personal Foider
endpoint... - e Fkar
s tempDir Foider
B 22.1-typopatch 300 b
k ) B adb_postgis_2_1_pg94.app.zip 23.25 MB
E edb_psglodbe.app zip 78.44 MB
& pgadmin.log 110.62 kB

¥ more options Label This Transfer

This will ba displayad in your transfer activity.




NSRDB Data Download

Tra nSfET F | les Get Globus Connect Personal

Turn your computer into an endpoint.

Endpoint  nrelgds#nrel_nsrdb Go Endpoint  jduckworfwork_endpoint Go
Path | /2015-11-30_15:42:21f Go Path | |~/ Go
select 2l [ none L. up one folder . rafresh fist = salectall [none L. up one folder ¢, raefresh flist =
B 0a0E7fe00121320620008306673d22be 2ip 997.87MB | | @ Applications Folder
9 Desktop Foider
8 Documents Folder
# Downloads Folder
s Movies Foider
i Music Foider
8 Pictures Folder
( 8 Public Folder
@ PycharmProjects Foider
1 VirtualBox Vis Foidar
... and select the directory to o o
. . . 8 anaconda Folder
which you would like to direct || |= = e
8 managed code personal Foider
s temp Foider
the downloads e e
B 22.1-typopatch 300 b
k ) B adb_postgis_2_1_pg94.app.zip 23.25 MB
E edb_psglodbe.app zip 78.44 MB
& pgadmin.log 110.62 kB
¥ more options Label This Transfer

This will ba displayad in your transfer activity.




NSRDB Data Download

1 Get Globus Connect Personal
Transfer Files _ _

Tum your computer into an endpoint.

Endpoint  nrelgds#nrel_nsrdb was || GO - Endpoint  jduckwor#waork_endpoint wen || GO

Path  f2015-11-30_15:42:21/f Go Path  /~/Downlcads/ Go

select all | none £ up one folder (, refresh list = select al up one folder (", refresh list —
',== 9aa67fe001a132e62ee06396673d22be.zip 937.87 MB
4

s
... and select the directory to

which you would like to direct

the downloads
\_ J

» more options Label This Transfer

Thies will be displayed in your transfer activity.
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NSRDB Data Download

Tra nsfe r F| Ies Get Globus Co_n nect F’ersohal
Turn your computer into an endpoint.
Endpoint  nrelgds#nrel_nsrdb was || GO - Endpoint  jduckwor#waork_endpoint wen || GO
Path  f2015-11-30_15:42:21/f Go Path  /~/Downlcads/ Go

select all | none £ up one folder (, refresh list

/ select all [ none L. up one folder (", refresh list —
',== 9aa67fe001a132e62ee06396673d22be.zip

s
Click the right arrow to

transfer files to your chosen

directory
. J

» more options Label This Transfer

Thies will be displayed in your transfer activity.
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NSRDB Data Download

s P 1

-

\.

he3-11

Monitor download progress

at the bottom of the page i

¥ o aplions

Activity

o rrbgoaantol_nardb 1o [duckwarfwank_sndpoin!
fransinr staried a fow momaTs ago
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Data Format

Standard Time-Series Data File Format
also known as SAM CSV

Header

Field Units Recognized Names

Latitude degrees latitude, lat

Longitude degrees longitude, lon,long, ing

Time zone hours offset from GMT  {z timezone, time zone

Site elevation meters above sea level el, elev, elevation, site elevation
Year n/a year

Location ID n/a id,location, location id,station, station id,whan, whan#
City n/a city

State n/a state, province, region

Country n/a coumniry

Source n/a SOUTCE,STC

Description n/a description, desc

URL n/a urf

Units flag yas or no hasunits, units

Interpolate flag  yes or no interpmet

MNATIONAL RENEWABLE ENERGY LABORATORY



Data Format

Data Columns

Field Units Recognized names

Year 1950-2050 year,yr

Month 1-12 month,mo

Day 1-31 day

Hour 23 hour,hr

Mimte (-59 min, minute

Global horizontal irradiance W/m2 gh, ghi, global, global horizontal,global horizental irradiance
Beam normal irradiance W/m2 dn,dni, beam, direct normal, direct normal irradiance

Diffuse horizontal irradiance W/m2 df,dhi, diffuse, diffuse horizontal, diffuse horizontal irradiance
Ambient dry bulb temperature C tdry,dry bulb,dry bulb temp,temperature, ambient, ambient temp
‘Wet bulb temperature C twet, wet bulb,wet bulb temperature

Dew point temperature C tdew, dew point,dew point temperature

Wind speed m/s wspd, wind speed

Wind direction deg wdir,wind direction

Relative humidity % rh,rhum,relative humidity, humidity

Atmospheric pressure millibar PTES, PTESSUTE

Snow cover cIm snow,snow cover,snow depth

Ground reflectance (albedo) 0..1 albedo,alb

Aerosol optical depth 0..1 aod,aerosol,aerosol optical depth
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NSRDB API

Variable Description Inputs

names Year of interest 1998-2014; tmy

interval 30 minute or hourly data 30; 60

full_name Name user Text

affiliation Affiliation of user Text

reason Short description of purpose for downloading data Text

Attributes Attributes to return dhi,dni,ghi,clearsky_dhi,clearsky_dni,clearsky ghi,cloud_typ

e,dew_point,surface_air_temperature_nwp,surface_pressur
e_background,surface_relative_humidity_nwp,solar_zenith_
angle,total_precipitable_water_nwp,snow_depth,wind_dire
ction_10m_nwp,wind_speed_10m_nwp,fill_flag
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NSRDB API

http://developer.nrel.gov/api/solar/nsrdb_0512_download.csv?wkt=POINT({-
104.5%2039.5)&names=1998&leap day=false&interval=30&utc=false&full name=YOUR_NA
ME&email=YOUR_EMAIL&affiliation=NREL&mailing_list=false&reason=SAM&api_key=YOUR
_APl&attributes=dhi,dni,wind_speed,surface_air_temperature

- /\ﬁ r p\

Sample API Call Sample Python using
Pandas

\ o N ’
In [2]: | # year and location of interest
year, lon, lat = 2006, -104.5, 39.5
# Grabbing all but first 2 lines
df = pd.read ecsv('http://developer.nrel.gov/api/solar/nsrdb 0512 download.csv?wkt=POINT({lon}%20{lat})&names={year}&lea]
# Set the time index in the pandas dataframe

df = df.set_index(pd.date_range('l1/1/{yr}'.format(yr=year), freg='30Min', periods=17520})
# off and running!

df .head()

QUELS] Year | Month | Day | Hour | Minute | DHI | DNI | Temperature | Wind Speed
2006-01-01 00:00:00 | 2006 | 1 1 |o |o 0 |0 |3487848  |5.069017
2006-01-01 00:30:00 | 2006 | 1 1 |o |30 0 |0 |3631738  |4.952465
2006-01-01 01:00:00 | 2006 | 1 1 1 o 0 |0 |3775598  |4.835914
2006-01-01 01:30:00 | 2006 | 1 1 1 |30 0 |0 |3790918  |4.583948
2006-01-01 02:00:00 | 2006 | 1 1 |2 o 0 |0 |3.806238  |4.331983
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Data Availability

= USA: 1998-2014

= QOther countries: 1998-2014, with 2005-2012 available
publicly

— List of Countries: Anguilla, Antigua and Barbuda, Aruba,
Bahamas, Barbados, Belize, Bermuda, Bolivia, Brazil, British
Virgin Islands, Canada, Cape Verde, Cayman Island, Chile,
Colombia, Costa Rica, Cuba, Curacao, Dominica, Dominican
Republic, Ecuador, El Salvador, Grenada, Guatemala, Guyana,
Haiti, Honduras, Jamaica, Kiribati, Mexico, Montserrat,
Nicaragua, Panama, Paraguay, Peru, Puerto Rico, Saint
Barthélemy, Saint Lucia, Sint Maarten, St Vincent and the
Grenadines, St-Martin, St. Kitts and Nevis, St. Pierre and
Miguelon, Suriname, Trinidad and Tobago, Turks and Caicos
Islands, U.S. Minor Outlying Islands, U.S. Virgin Islands, and
Venezuela

— To obtain the full 1998-2014 dataset, please contact
nsrdb@nrel.gov
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Future Plan

Summary statistics layers
Biannual updates
Spectral data
Plane-of-array irradiance
Algorithm improvements

Fix some outstanding issues
— Relative humidity




Questions?

Main Website: nsrdb.nrel.gov
Publications: nsrdb.nrel.gov/publications

Access Data: nsrdb.nrel.gov/nsrdb-viewer
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